Effects of dietary carbohydrates on triglyceride production and hepatic lipogenic enzyme activities were examined in Wistar fatty rats, an animal model of noninsulin dependent diabetes mellitus, fed fructose or glucose and were compared with those of Wistar lean rats. Carbohydrates were supplied in 10% drinking solutions for 21 days. As compared with lean rats, Wistar fatty rats were characterized by hyperglycemia, hyperinsulinemia and hypertriglyceridemia,
Abstract.
Effects of dietary carbohydrates on triglyceride production and hepatic lipogenic enzyme activities were examined in Wistar fatty rats, an animal model of noninsulin dependent diabetes mellitus, fed fructose or glucose and were compared with those of Wistar lean rats. Carbohydrates were supplied in 10% drinking solutions for 21 days. As compared with lean rats, Wistar fatty rats were characterized by hyperglycemia, hyperinsulinemia and hypertriglyceridemia, the last of which was associated with an increased hepatic activity of fatty acid synthetase and an increased rate of triglyceride secretion from the liver to the circulation.
Feeding fructose to genetically obese diabetic rats produced a threefold increase in the hepatic activity of fatty acid synthetase, a twofold increase in NADPHgenerating enzymes (malic enzyme and glucose-6-phosphate dehydrogenase) and a 56% increase in the rate of triglyceride secretion, with a resultant 86% increase in plasma triglyceride concentrations. Feeding glucose produced a similar increase in the activity of NADPH-generating enzymes and triglyceride production in the fatty liver but it differed in producing no change in plasma triglyceride concentrations or hepatic fatty acid synthetase activity.
Neither dietary fructose nor glucose changed glycemia or insulinemia. These results show that in genetically obese, diabetic rats feeding fructose and glucose is associated with an increase in hepatic lipogenic enzyme activities and triglyceride production, and suggest that fructose stimulates triglyceride production but impairs triglyceride removal, whereas glucose stimulates both of them. 
Triglyceride secretion rates
On the night of day 20, chow was removed but all the rats continued to receive water containing 10% sugar to drink until the end of the experiments.
The rate of triglyceride secretion was measured on day 21, between 0900 h and noon, by the Triton method. The suitability of this procedure has been previously discussed and fully described by us in Wistar lean rats [7, 8] and by Simonelli and Eaton in Zucker fatty rats [9] . The batch of Triton WR1339 (Nakarai Chemicals, Kyoto, Japan) used in this study has been demonstrated to completely block the removal of VLDL-triglyceride from the circulation and to produce a linear increase in triglyceride concentrations for 90 mm. Triton was dissolved in distilled water (300 mg/ml) and injected into the tail vein (600 mg/kg body weight) of rats under light ether anesthesia. Blood was obtained before and at 45 and 90 min after the injection. The rate of triglyceride production was calculated from the increase in plasma triglyceride levels per minute multiplied by the plasma volume of the rat, and the results were expressed as mg/min [3] . The fractional catabolic rate (FCR) for plasma triglyceride was calculated as the triglyceride secretion rate divided by plasma triglyceride pool size [10] .
Immediately after the last blood sampling, an aliquot of each liver was removed under ether anesthesia, homogenized with 3 vol. of 0.25 M sucrose and then centrifuged at 10500 rpm at 4 °C. The supernatant was stored at -80 °C until the assay of enzyme activities. Another aliquot of the liver was immediately frozen to measure lipid content.
Lipogenic enzyme activities
After the supernatant was filtered through a Sephadex G-25 column, fatty acid synthetase activity in the filtrate was assayed according to Hsu [11] , malic enzyme according to Ochoa [12] and glucose-6-phosphate dehydrogenase according to Glock and McLean [13] . The enzyme activities in the supernatant of liver homogenates are expressed as mU/mg protein, when 1 mU is the amount catalyzing the formation of nmol product/ min at 37 °C for fatty acid synthetase and the utilization of NADP for malic enzyme and glucose-6-phosphate dehydrogenase.
Determinations
All blood samples were centrifuged at 4 °C and plasma was stored at -20 °C until assayed. Plasma glucose, triglyceride and cholesterol were determined enzymatically with an Encore (Backer Instruments, Allentown, PA). Plasma insulin was assayed by the double-antibody method with commercially available kits (Shionoria®, Shionogi, Tokyo, Japan). The concentration of triglyceride, cholesterol and phospholipid in the supernatant of liver homogenates was measured by respective enzymatic methods with commercially available kits (Iatron Laboratories, Tokyo, Japan) after lipid extraction with chloroform-methanol [14] .
Statistical analysis
This was carried out by Duncan's multiple range test [15] . Data are expressed as the means ± SEM.
Results
There was no difference in the final body weight or in epididymal adipose tissue weight of the three groups of fatty rats, although two groups of rats fed sugars had a greater total caloric intake ( (Fig. 1) . Feeding fructose to fatty rats produced an increase in postprandial plasma triglyceride levels, which occurred at week 1 and continued throughout the experiment. In contrast, there was no change in triglyceride levels in fatty rats fed glucose.
As compared with lean rats, Wistar fatty control rats had a 6-fold increase in fasting plasma triglyceride concentrations associated with a 3-fold increase in the rate of triglyceride production (Fig.  3) . Feeding fructose to Wistar fatty rats for 21 days doubled fasting plasma triglyceride concentrations (Fig. 3) . This was associated with an increase of 56% in the rate of triglyceride production. Feeding glucose was also associated with a 43% increase in the triglyceride production rate.
Despite this, fasting plasma triglyceride concentrations in glucose-fed fatty rats were similar to those of fatty rats receiving no carbohydrate. The estimated FCR was higher in glucose-fed fatty rats (0.041 ± 0.008 min-1) than in fructose-fed rats or fatty controls (0.020 ± 0.002 and 0.025 ± 0.001 min-1, respectively, P<0.05) but still lower than in lean controls (0.055 ± 0.005 min-1, P<0.05).
As compared with lean livers, fatty control livers contained more triglyceride and cholesterol but less phospholipid ( Table 1 ). The activity of fatty acid synthetase and NADPH=generating enzymes (malic enzyme and glucose-6-phosphate dehydrogenase) was higher in fatty control livers than in lean KAZUMI et a!.
control liver (Table 2) , although the difference between the two groups in the activity of NADPHgenerating enzymes did not reach statistical significance.
Either fructose or glucose supplementation produced a decrease in cholesterol and phospholipid content but there was no significant difference in hepatic triglyceride content among the three groups of fatty rats. The activity of fatty acid synthetase tripled in response to fructose but not to glucose. In contrast, the activity of NADPH-generating enzymes increased to the same extent in response to either fructose or glucose feeding.
Discussion
The present studies have shown that hypertriglyceridemia in Wistar fatty rats was in part a metabolic consequence of an increased rate of triglyceride secretion from the liver. This was associated with greater hepatic activities of fatty acid synthetase and NADPH-generating enzymes, as previously reported [18, 19] . In the present study, the rate of triglyceride secretion averaged 16.2 umol/min in Wistar fatty control rats and this figure was comparable to the rate of triglyceride secretion in Zucker fatty rats [4, 8] . The Triton method is reproducible and reliable when it is used for comparison between different diets or genotypes, although it probably does not provide absolute values for the rate of lipoprotein production.
We have previously shown that neither fructose nor glucose supplementation produced significant changes in the rate of triglyceride secretion in Zucker fatty rats [4] . Since the previous study using the perfused liver [20] demonstrated that a major portion of the increased triglyceride secretion by the livers from Zucker fatty rats was derived from endogenous rather than exogenous sources, it is likely, as we previously suggested [4] , that fructose is not readily converted to fat in Zucker fatty rat livers. In contrast to Zucker fatty rats, in Wistar fatty rats, both dietary fructose and glucose stimulated triglyceride production in the present studies.
It is reported that as compared with Zucker fatty rats, Wistar fatty rats were less hypertriglyceridemic end had lower hepatic activities of lipogenic enzymes [5. 6] . For this reason, the observation that feeding fructose or glucose stimulated the activity of malic enzyme and glucose-6-phosphate dehydrogenase in the livers of Wistar fatty rats may be associated with the stimulation of triglyceride production in these 
